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Summary The objective of this study was to determine and compare the prevalence and antimi-
crobial resistance of Campylobacter species in swine reared in the conventional and antimicrobial
free production (ABF) production systems as part of a multi-state study. To date, 19 conventional
and 16 ABF groups have been followed. C. coli was the predominant species (99%) isolated in the
study. Prevalence of C. coli was higher in ABF herds (60%) than conventional ones (55%). Overall,
C. coli isolates exhibited highest frequency of resistance against tetracycline (Tet, 66.2%) followed
by erythromycin (Ery, 53.6%). While frequency of resistance to these two antimicrobials was high
in both production systems, it was significantly higher among conventional herds (83.4% and
80.8% for Tet and 77% and 81.4% for Ery on-farm and at slaughter respectively) than the ABF
(56.2% and 36.6% for Tet and 34.5% and 40.4% for Ery on-farm and at slaughter respectively).
Resistance against ciprofloxacin (n=17) with high MIC level (> 4 mg/liter) was also found at the
farm level in both the ABF (0.6%) and conventional systems (2.8%).
Introduction Campylobacter is the leading cause of foodborne bacterial illnesses and is responsi-
ble for an estimated 2.4 million illnesses. Although C. jejuni in humans is considered to be the
most important Campylobacter species causing infection, recent studies done in Spain and UK
have highlighted the importance of C. coli as an important human pathogen due to it ability to
show resistance to various classes of antimicrobials and in causing more indigenously acquired
foodborne diseases (Saenz et al., 2000; Tam et al., 2003). Foods of animal origin have been
shown to be the major risk factor in causing Camylobacter infections in humans (Oosterom et al.,
1984). The role of pork products in causing foodborne campylobacteriosis has not been fully eluci-
dated even though C. coli have been commonly isolated from pork products in retail markets in
the US and Canada. The status of Campylobacter in swine raised in the conventional system of
production where antimicrobials are used both for treatment and growth promotion has been
reported previously. However, there is paucity of information as to the comparative significance of
Campylobacter occurrence and antimicrobial resistance among pigs reared in ABF and conven-
tional production systems.
Materials and Methods In this study, a total of 60 herds, 20 from each of the three regions,
Southeastern (NC), upper mid America (OH) and Midwest (WI, MN, IA, SD) were included. To
date, a total of 19 conventional and 16 ABF herds have been followed. At the farm level, fecal
samples were collected from finishing farms within 48 hours of marketing. Pigs sampled during
the study were ear tagged, tattooed or marked with indelible dye for subsequent identification
and sampling at the slaughter plant. Approximately 30 pigs were included in each group for sam-
pling. Carcass swabs were collected at the slaughter plant at three stages of processing: pre-evis-
ceration, post-evisceration and post-chill. At every farm visit, approximately 10 grams of fresh
fecal samples was collected per pig with gloved hands directly from the rectum or from undis-
turbed pats following observed defecation. Samples were processed for Campylobacter using
conventional approaches. Fecal sample from the farms were directly plated (loopful) onto campy-
cefex selective plates. Carcass swabs were first soaked in 30 ml of Bolton broth (Oxoid,
Hampshire, UK) and all the samples were incubated for 48 hours under microaerobic conditions
(CO2: 10%, O2: 5% and N2: 85%) using the Anaeropacks (Remel, KS, USA) at 42°C for 48 hours.
We used species-specific primers (ceuE and hipO) for PCR detection of important species of
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Campylobacter particularly, C. coli and C. jejuni.
We tested the isolates for their susceptibility against a panel of six antimicrobials as recom-
mended by FDA, NARMS. The list of antimicrobial with their abbreviations and range of concentra-
tions used is: chloramphenicol (Ch; 0.25-128 mg/liter), ciprofloxacin (Cip; 0.008-4 mg/liter), erythro-
mycin (Ery; 0.06-32 mg/liter), gentamicin (Gen; 0.06-32 mg/liter), nalidixic acid (Nal; 0.25-128
mg/liter) and tetracycline (Tet; 0.06-32 mg/liter) (12). All the antimicrobials were procured from
Sigma (Sigma, MO, USA) except ciprofloxacin (Serologicals Proteins, Inc., IL, USA). The NCCLS
breakpoint interpretative criteria for Enterobacteriaceae family were used for all the antimicrobials
except erythromycin as recommended by NCCLS as the interpretive standard breakpoint levels for
the Campylobacteriaceae family are not yet available. For erythromycin (8 mg/liter), the breakpoint
level used by National Antimicrobial Resistance Monitoring System (NARMS) was adopted (FDA,
1999). Statistical analysis was done using the x2 test (Minitab Inc. PA, USA) and Fisher’s exact two-
tailed test wherever applicable. A value of P<0.05 was considered statistically significant.
Results C. coli accounted for 99% (n=1459) of the isolates. None of the remaining isolates were
C. jejuni and were not included in the subsequent characterization. Prevalence of C. coli was high-
er among ABF herds in NC (53% for conventional and 56% for ABF) and OH (57% for convention-
al and 64% for ABF).
C. coli isolates exhibited highest frequency of resistance against tetracycline (66.2%) followed
by erythromycin (53.6%). Within the conventional system, resistance to these two antimicrobials
(tetracycline and erythromycin) was common both in isolates from the farm and the slaughter
plant. In contrast, in the ABF system significantly higher frequency of resistance to tetracycline
was observed in isolates from the farms (56.3%) than from the slaughter plants (36.6%) (P<0.001).
While frequency of resistance to these two antimicrobials was high in both production systems, it
was significantly higher among conventional herds (83.4% and 80.8% for Tet and 77% and 81.4%
for Ery on-farm and at slaughter respectively) than the ABF (56.2% and 36.6% for Tet and 34.5%
and 40.4% for Ery on-farm and at slaughter respectively). Resistance against ciprofloxacin was
detected in C. coli isolates from on-farm specimens from both the conventional (2.8%) and ABF
(0.6%) herds (total n=17). All the ciprofloxacin resistant isolates were also resistant to nalidixic acid
as expected. Overall, we observed 19 different resistance patterns exhibited by 1152 (78.9%) of
the isolates. Ery Tet was the most common resistance pattern. This pattern was common regard-
less of the type of production system: the conventional and ABF production systems.
Discussion Campylobacter has been reported from pigs on farm and from pig carcasses in
slaughter plants in studies conducted on conventional herds. However, there is paucity of infor-
mation on the prevalence and antimicrobial resistance of this pathogen in the ABF swine farms.
Higher prevalence of C. coli has been reported from pigs in conventional system ranging from
57.8% in newborn piglets to 100% in pigs (Saenz et al., 2000; Young et al., 2000). We found high
prevalence of C. coli in ABF as well as conventional herds. This finding further emphasizes the
importance of pigs as reservoirs of this species regardless of antimicrobial use status in the pro-
duction environment. Antimicrobial resistance was most commonly found against tetracycline and
erythromycin similar to reported by other studies. There was a significant difference in resistance
to these antimicrobials between the two production systems. Higher frequency of resistance was
detected in conventional herds than the ABF. Though the frequency of resistance for these two
antimicrobials was relatively lower in ABF herds, high proportion of the isolates from the ABF
herds, however, were resistant to both tetracycline and erythromycin (56.2% and 36.6% for Tet
and 34.5% and 40.4% for Ery on-farm and at slaughter respectively). Resistance to ciprofloxacin
was detected from on-farm specimens in both conventional and ABF herds at low frequency.
Conclusions The high frequency of resistance to tetracycline and erythromycin in both production
systems may have important implications including the fact that in the absence of antimicrobial
selective pressure, resistant strains could persist regardless of the status of antimicrobial use.
Some of the reasons for persistence of resistant strains in ABF herds could be co-selection of
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antimicrobial resistance with other phenotypes. The finding of resistance to ciprofloxacin (fluoro-
quinolone) in any of the swine herds is concerning since this antimicrobial is not used in swine
production and remains among the leading antimicrobials for invasive infections in humans. As
this class of antimicrobials is not used in swine production and therapy in the U.S., the findings
underscore the importance of risk factors other than direct antimicrobial use.
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